The advent of BCR-ABL1 tyrosine kinase inhibitors (TKIs) for the treatment of chronic myeloid leukemia (CML) has dramatically changed the management of patients with CML. With continuous long-term TKI therapy, CML can be managed like a chronic condition, and most patients can expect to have a normal life expectancy. Given the prospect of lifelong therapy, however, issues related to adherence become particularly important and warrant greater attention since attainment of favorable long-term survival depends in large part on consistent, appropriate treatment administration over years, if not decades. As the multidisciplinary care team approach to cancer care has gained traction at academic centers and community practices, midlevel providers, including nurse practitioners and physician assistants, have taken on greater patient-related responsibilities. Midlevel providers have the potential to foster and maintain meaningful provider-patient relationships that may span years, and are well positioned to recognize and manage problems that patients may have with adherence. Here we discuss the importance of achieving and maintaining responses to TKI therapy, describe the clinical consequences of poor adherence to TKI therapy in CML, and outline factors behind poor adherence. We also share strategies that we use at our center to improve adherence to long-term TKI therapy for CML.
C hronic myeloid leukemia (CML) is a blood cancer of uncontrolled myeloid cell growth. About 5,430 cases of CML were diagnosed in 2012. 1 Most patients are diagnosed in the early chronic phase (CP) of CML. Without treatment, CML progresses to the accelerated phase (AP) in 4-6 years and then to blast crisis (BC) and death in less than a year. 2 CML, unlike most cancers, has a well-described molecular defect that is responsible for its pathogenesis: the unregulated activity of the BCR-ABL1 tyrosine kinase, which is produced as a result of an aberrant rearrangement of chromosomes 9 and 22 called the Philadelphia (Ph) chromosome. 3 The discovery of the pathogenesis of CML led to the development of tyrosine kinase inhibitors (TKIs) that directly target the BCR-ABL1 protein and are highly effective against CML. Imatinib was the first TKI to be approved for treatment of CML, in 2001. In the phase 3 International Randomized Study of Interferon and STI571 (IRIS), significant increases in rates of response and freedom from disease progression to AP/BC were observed with imatinib compared with interferon-␣ plus cytarabine. 4 Eight years of follow-up in the IRIS study have shown that responses to imatinib are durable and that imatinib significantly improves long-term survival. [5] [6] [7] Since 2001, 2 additional TKIs, nilotinib and dasatinib, have been approved for first-and second-line treatment of CML, and 2 others, bosutinib and ponatinib, for second-or third-line use. Phase 9 showed that both nilotinib and dasatinib significantly improved rates of response compared with imatinib. In those studies, nilotinib and dasatinib lowered rates of disease progression to AP/BC compared with imatinib in the first-line setting. Continued follow-up of the ENESTnd and DASISION studies has shown that cytogenetic and molecular responses, as well as protection against disease progression, are sustained at years 2, 10,11 3, 12, 13 and 4.
14 BCR-ABL1 TKIs have transformed CML-CP from a progressive disease to a chronic disease -if managed effectively. The TKIs are oral agents that, at least by current standards, must be taken for life. Their efficacy depends on proper drug administration, which makes adherence to treatment a critical issue in patient management. Problems that may affect adherence, such as side effects, must be proactively addressed and corrected whenever possible to minimize the occurrence of unauthorized dose interruptions or treatment modifications that can diminish the clinical benefit of these agents.
In the past few decades, a greater emphasis has been placed on using a multidisciplinary team approach to manage cancer patients. 15, 16 As part of that evolution, midlevel providers, including nurse practitioners and physician assistants, are playing more central roles in patient care. As they develop comfortable relationships with patients, these health care practitioners are in prime position to monitor and recognize signs of waning adherence to TKI therapy. In this review, we discuss the importance of achieving and maintaining response to TKI therapy, describe the potential clinical consequences of poor adherence to TKI therapy in CML, and outline factors underlying poor adherence. We also share strategies, including those we have implemented in our center, that can be used to improve adherence to long-term TKI therapy for CML.
Early response to TKI therapy predicts favorable long-term outcome
Response to TKI therapy is based on the degree of improvement of hematologic, cytogenetic, and molecular parameters (Table 1) . Numerous studies show that the achievement of early cytogenetic or molecular response to TKI therapy predicts a favorable long-term outcome. Most of this evidence is based on studies of imatinib, [5] [6] [7] [17] [18] [19] [20] [21] [22] [23] [24] although there are corroborative results from studies involving nilotinib and dasatinib. 18, [25] [26] [27] Patients with rapid response generally have better long-term outcomes than do patients with slower or no response to TKI therapy. For example, one study showed that the probability of ever achieving complete cytogenetic response (CCyR) or major molecular response (MMR) decreased steadily with time if CCyR was not achieved by 3, 6, or 12 months. 22 Two separate studies found that patients with optimal response (by European LeukemiaNet criteria) at 6 and 12 months had a survival advantage over patients with suboptimal response (or treatment failure) at those time points; at 18 months, however, patients with optimal response to treatment did no better than those with suboptimal response or treatment failure. 20, 28 In particular, patients who achieve a reduction in BCR-ABL1 transcript levels to 10% or less (BCR-ABL1 Յ 10%) at 3 months, which is roughly equivalent to a partial cytogenetic response (PCyR), were found to achieve significantly higher rates of deep molecular response and have significantly improved long-term progressionfree survival (PFS) and overall survival (OS) than did patients who had BCR-ABL1 Ͼ10% at 3 months after the start of TKI therapy. For example, one study showed that patients on first-line imatinib with BCR-ABL1 Յ 10% at 3 months had significantly higher rates of OS and PFS at 8 years than did patients who had higher transcript levels (8-year OS: 93% vs 57%, respectively, P Ͻ .001; 8-year PFS: 93% vs 57%, P Ͻ .001). 29 These findings, along with similar findings from other studies, provide evidence that achievement of early molecular response has signifi- 30 Taken together, these findings underscore the importance of optimizing response to first-line treatment, particularly within the first year. Maintaining good adherence to a chronic medication during the first year of treatment can be challenging. Studies of adherence in patients with noncancer medical conditions (eg, diabetes, hypercholesterolemia, hypertension) requiring chronic medications show that about half of patients discontinue therapy within the first 6 months of treatment. 31, 32 The reason most often cited for not refilling a prescription was concern over side effects. 31 Thus, to improve the likelihood of patient adherence, it is particularly important that the side effects of TKI therapy (including myelosuppression, fatigue, diarrhea, nausea, vomiting, fluid retention, rash, and headache) are well managed from the start of therapy.
TKI therapy lowers the rate of disease progression to AP/BC
The advanced stages of CML (AP and BC) are considerably more difficult to treat than is early-stage CML-CP. Treatment modalities that are effective in treating CML-CP, such as TKI therapy and stem cell transplantation, achieve lower rates of response and survival rates when used to treat CML-AP/BC. 33, 34 Furthermore, stem cell transplantation is associated with high morbidity, so its application is generally restricted to patients under 65 years of age. 30 Because advanced CML poses therapeutic challenges, the stable maintenance of patients in CML-CP has emerged as an overarching goal of modern CML management. 35 The use of TKI therapy as first-line treatment in newly diagnosed patients significantly reduces the likelihood of disease progression. In the IRIS study, significantly more patients receiving imatinib were free from disease progression to AP/BC at 18 months than patients receiving control treatment. With 3 years of follow-up in the ENESTnd study, significantly more of the patients receiving nilotinib were free from disease progression to AP/BC at each year than were patients receiving imatinib. 8, 10, 13 With 3 years of follow-up in the DASISION study, patients receiving dasatinib experienced fewer progressions to AP/BC than did patients receiving imatinib, although the difference was not significant. 9, 11, 12 Furthermore, patients with superior molecular or cytogenetic responses are significantly less likely to have disease progression than are patients with worse responses. For example, at the 5-year mark in the IRIS study, only 3% of patients who achieved CCyR at 12 months with imatinib had disease progression, compared with 19% of patients without a major cytogenetic response at 12 months. Similar progression outcome was found for patients who achieved both CCyR and MMR at 18 months compared with patients who did not. 5 Taken together, these findings indicate that firstline TKI therapy in patients with newly diagnosed CML markedly delays disease progression, with the longest delay in patients who respond early.
Poor adherence to TKI therapy in CML negatively affects treatment response and clinical status A significant correlation exists between level of adherence to TKI therapy in CML and clinical outcome. In the Adherence Assessment with Glivec: Indicators and Outcomes (ADAGIO) study, patients who achieved CCyR had a significantly higher adherence rate than patients who did not. 36 Similarly, another study found that patients with Յ 90% adherence were significantly less likely to achieve MMR or complete molecular response than were patients with Ͼ 90% adherence. 37 Based on our experience, to reach Ն 90% adherence, patients must take their medication for at least 27 days in a 30-day month. By this rule of thumb, missing 3-4 days of treatment in a 30-day month may lower the chances that a patient will achieve a good response (ie, CCyR or MMR).
Patients with poor adherence are also more likely to lose treatment response and eventually discontinue treatment. In one study, patients who had Յ 85% adherence to imatinib were significantly more likely to lose CCyR at 2 years and to experience treatment failure than patients with Ͼ 85% adherence. 38 More to the point, unexplained increases in BCR-ABL1 transcript level by quantitative real-time polymerase chain reaction (QPCR) testing, loss of response to treatment as determined by blood counts or cytogenetic testing, or disease relapse marked by the manifestation of clinical symptoms may be signs of poor adherence. The effects of poor adherence underscore the importance of regular molecular monitoring of CML, as this allows health care providers to assess for early signs of waning adherence and/or inadequate response to treatment. The NCCN Guidelines recommend molecular monitoring of BCR-ABL1 levels once every 3 months and evaluation for potential adherence problems when expected treatment response is not achieved at 3, 12, and 18 months. 30 The overall consequences of poor adherence to TKI therapy extend beyond treatment response. Health economic studies show that patients with poorer adherence to TKI therapy incur significantly greater medical expenditures, including more inpatient admissions and greater medical costs. 39, 40 The implications of these observations are that poor adherence to TKI therapy results in overall clinical decline, most likely due to loss of response, subsequent treatment failure, and progression to advanced stages of disease.
Factors underlying poor adherence
Despite guidance from health care providers, patients may not fully appreciate the importance of adherence to TKI therapy in CML. In an interview-based study of patients with CML, patients reported both intentional and unintentional reasons for poor adherence to imatinib treatment. 41 The primary reasons for a patient deciding not to take medication as prescribed were concern over side effects and interference of medication with social activities. Forgetfulness and prescribing error were the reasons that were cited for unintentional nonadherence, when a patient wanted but was not able to take medication. When the patients in this study were queried about nonadherence, they showed a lack of understanding of the potential clinical ramifications of nonadherence, with more than half affirming the belief that missing "the odd dose" would not affect their overall response to imatinib. These findings clearly indicate that patients could benefit from focused, specific guidance on how to successfully integrate chronic medications into their daily lives, so that taking them becomes part of their routine.
Some of the factors associated with poor adherence, such as younger age and shorter time on TKI therapy, are unmodifiable; however, the majority of factors can be modified, which offers midlevel providers the opportunity to intervene 37, 42, 43 (Table 2) . Modifiable factors associated with poor adherence include starting dose of the TKI, time between diagnosis and treatment initiation, number of concomitant medications, medication copayment, appearance of side effects during treatment, and symptom burden from side effects.
Strategies to overcome problems with adherence Of the many ways to improve adherence, the most important is the establishment and maintenance of open lines of communication with patients. Also key is the discussion of adherence at every clinic visit. 36, 41, 44 A survey study found that health care providers learned of nonadherence among CML patients more frequently through conversations with their patients than through other means, such as the frequency of prescription refills, 45 underscoring the importance of connecting with patients on a regular basis.
The cost of long-term treatment can also have a significant bearing on adherence. Patients who are underinsured or have difficulty affording their medications may face considerable hurdles in maintaining optimal adherence to treatment over an extended period. They may not be aware that advocacy groups and pharmaceutical companies fund patient resources that provide financial assistance for health insurance payments and copayment obligations to those who cannot afford their medication (Table 3 ). Health care providers should inquire directly about issues related to finances, copayments, and insurance coverage that may affect the patient's access to medication, especially after any changes in insurance plans or coverage status. Addressing financial issues in a proactive manner can help prevent lapses in medication access that might affect patient health.
Another important principle is education, because many patients have little access to information about CML and are reluctant to ask questions. We are fortunate at our institution to have a dedicated patient education department that provides handouts on CML that present prescribing information in an abbreviated, patient-friendly format. Even without this type of resource, there are strategies that can be implemented by any practice. Review at every clinic visit the purpose of TKI therapy 46 and how it works against the disease. Use plain language and terminology understandable to those with no medical background to explain the potential consequences of nonadherence. 41 Communications from the health care provider should be tailored to the patient, taking into account the age of the patient, to ensure that information is relevant and understandable. Younger patients may be missing doses because of social pressures, such as a desire to conform or to avoid possible treatment-related side effects in social situations, and older patients may be missing doses because of forgetfulness or confusion. Understanding the fundamental reasons for poor adherence allows for targeted education to overcome specific barriers to treatment adherence. If possible, establish an adherence program in the practice that takes a proactive approach to applying adherence interventions, such as individual patient counseling, 45 which has been shown to significantly improve patient adherence to TKI therapy in CML. Some specialty pharmacies may have their own programs that aim to improve treatment adherence and reduce medication waste. One specialty pharmacy chain has an oral chemotherapy cycle management program (CMP) that offers clinical support, dose monitoring, and early Starting dose of TKI therapy • Work with the treating physician and the patient to select the most appropriate drug and dosage, taking into account patient-, disease-, and treatment-related factors (eg, comorbidities, disease stage, safety profile).
• Learn the generic and brand names of the prescribed drug.
• Understand how and when to take the drug (eg, with or without food, once or twice daily, number of pills per dose).
Longer time between CML diagnosis and initiation of TKI therapy
• Work with the treating physician and the patient to develop a treatment plan at the time of or as soon as possible after diagnosis.
• Identify potential financial barriers to access to drugs and enroll patient in patient assistance programs if necessary.
• Emphasize to patient the importance of starting drug therapy in a timely manner.
• Fill drug prescriptions as soon as possible.
• Begin drug treatment as directed by health care provider(s).
Greater number of concomitant medications Wrong dosage of medication taken
• Double-check that the correct dosage of drug is prescribed for CML.
• Verify at each clinic visit that the patient is taking the correct dosage (eg, "How many of these pills do you take each day?").
• Double-check that any new prescription, over-the-counter medications, or dietary supplements do not interact with TKI therapy.
• Use a pill organizer to allocate medications on a daily or weekly basis.
• Inform the health care provider of any new prescription or over-the-counter medications, as well as dietary supplements.
High medication copayment • Identify potential financial barriers to access to drugs and enroll patient in patient assistance programs if necessary.
• Inform the health care provider of changes in financial status or insurance coverage, especially if changes might affect access to treatment.
Frequency, severity, and/or persistence of adverse events
• Develop a checklist of signs/symptoms of adverse events and review at each clinic visit.
• Emphasize to patient that even mild or common side effects should be reported.
• Ask what side effects the patient finds most bothersome (these might vary by patient).
• Manage side effects before they become severe or bothersome.
• Schedule frequent follow-up with patients who might be at higher risk of certain side effects (eg, patients with history of cardiovascular disorders, diabetes, or liver dysfunction).
• Recognize the signs/symptoms of common side effects of treatment.
• Report all side effects, no matter how mild or infrequent.
• Ask about self-directed or nonprescription remedies to alleviate mild symptoms (eg, oatmeal baths for pruritus).
Patient perceptions of therapy
• Educate patient about CML disease background.
• Ensure that patient understands what drug he/she is taking and why he/she is taking it.
• Set patient expectations for common side effects and likely treatment response. • Track treatment response over time and celebrate with patient when specific milestones are achieved (eg, CCyR or MMR).
• Ask questions about CML, prescribed drugs, and prognosis.
• Understand patient responsibilities in CML treatment (eg, take medications as directed, recognize and report side effects, keep all appointments, prepare for appointments -bring questions, pill bottles, diary of side effects).
Patient forgetfulness
• Discuss adherence and drug administration (eg, "How many of these pills do you take each day?") at each visit.
• Make follow-up telephone calls between clinic visits to ensure that patient establishes good habits early on.
• Set up reminders or prompts (eg, alarms, calendars).
• Use a pill organizer.
• Integrate medication into daily routine.
• Enlist the help of family members.
Prescribing error
• Write prescriptions in clear handwriting.
• Use electronic prescriptions.
• Follow up with the pharmacy if an error is suspected.
• Review medication dosage and administration if there is any doubt.
• Ask the pharmacist to contact the health care provider if necessary to review prescription.
• Know what drug you are taking by generic and brand name, and the dosage.
Social events, holidays/vacations
• Explain clearly why continuous dosing is important for treatment.
• Enlist the help of family or friends to play an active role in treatment.
• Write a prescription or authorize a refill to ensure sufficient medication for extended trips.
• Plan ahead and ensure you have sufficient medication for extended trips or trips overseas.
Accidental (or intentional) pregnancy
• Educate patient about potential hazards that drugs may pose to the fetus.
• Advise patient not to become pregnant during drug treatment and to immediately report any suspected pregnancies.
• Ask women of childbearing age about their use of adequate and reliable birth control.
• Use a reliable method of birth control to prevent unintentional pregnancies.
• Immediately report any suspected pregnancies to the treating physician and report all medications to the obstetrician.
• Discuss with the treating physician and the obstetrician any desire to become pregnant before becoming pregnant.
identification of side effects for patients with cancer. A study of this CMP found that patients who were enrolled in the program had significantly higher rates of persistence (ie, lower rates of discontinuation) and fewer hospitalizations associated with severe side effects than patients who were not enrolled. 47 One simple way that we assess for adherence is to request patients bring their pill bottles to appointments, so that we can quickly determine whether the actual number of pills is consistent with the number of pills expected for that prescription period. By this method, we discovered that one of our patients had been taking too low a dose of nilotinib, despite verbal assurances that the correct dose was being taken; the number of pills she had brought to her appointment clearly showed that she had been taking nilotinib once daily instead of twice daily. Furthermore, we find that simply asking patients open-ended questions about their medication use (eg, "How many pills are you taking each day?") instead of leading questions (eg, "Are you taking two pills each day?") can be an effective way to determine whether patients are taking the proper dosage. We also recommend the use of a singlepage information card that contains information on dosage and administration (Figure 1 ), so that patients can have a simple visual guide to the proper use of their medication. This type of informational tool minimizes confusion, particularly for patients who are on multiple treatment regimens for concomitant conditions.
Because the occurrence of side effects is cited often as a reason for nonadherence, recognizing and managing side effects before they become impediments is vital to successful treatment. In our practice, we use a checklist of side effects to make sure that during clinic visits we describe to patients the more common and most clinically significant side effects. We also make it a point to learn what side effects patients consider most bothersome. This is a worthwhile effort, as a recent survey showed that health care providers in CML were off-target in naming what issues their patients considered most important and underestimated the negative effect that symptom burden had on patient quality of life. 48 Making assumptions about a patient's priorities when it comes to treatment and side effects is insufficient. A group at our institution has studied the utility of a telephone-based interactive voice response system in regularly assessing patient quality of life, including symptom burden, and found such a system to be successful and easy to implement, 49 suggesting that side effects can be monitored at regular intervals without the need for frequent clinic visits.
There are also ways in which health care providers can empower patients to adhere to their medication regimens. In our practice, we help patients incorporate medication into their daily routine through the use of recommended prompts. 41 For example, we help patients to set alarms or electronic calendars on personal devices (eg, cell phone or smartphone) to alert them when it is time to medicate. For patients who do not regularly carry electronic devices, we recommend they use a pill organizer. We make sure that patients have enough medication over weekends and holidays, since missing 3-4 days' worth of medication a monthequivalent to a long weekend -may result in loss of response. When patients prepare to go on longer vacations, especially on trips overseas, we remind them to refill their prescriptions and double-check that they have enough medication for the entire time they will be away. We also enlist family members to take an active role in their loved one's treatment plan, so that patient care becomes a shared responsibility. We educate patients to recognize common side effects and to report all side effects, even the mild ones, when they occur. In this way, patients play an active role in the management of their side effects. We also make sure that patients learn about their medications, understand why they are taking them, and know both the generic and brand names. Having knowledge of their medical condition and treatment emboldens patients to ask questions about their overall treatment plan. Patients who feel a strong personal stake in their treatment and who fully understand the consequences of nonadherence are generally more motivated to do all they can to optimize long-term clinical outcome.
Summary and conclusions
The introduction of BCR-ABL1 TKI therapy has dramatically changed the way that patients with CML are managed, and the majority of patients can enjoy normal life expectancy. However, TKI therapy for CML may be lifelong, and ample evidence suggests that successful outcome depends in large part on optimal dosing and administration. It is critical that patients recognize the importance of consistent long-term adherence to their overall health.
As members of a multidisciplinary team, midlevel providers can play a prominent role in ensuring that adherence is optimized. By understanding the disease, the standard treatments, and the clinical evidence supporting their use in CML, midlevel providers can successfully educate their patients and advocate for the importance of adherence. Once common factors contributing to poor adherence are identified (eg, side effects, psychosocial issues), midlevel providers can proactively design strategies to address them before they affect treatment adherence. Finally, by empowering patients to make small changes that promote adherence (eg, establishing a medication routine, setting up reminders to take medication, planning ahead to account for holidays and vacations), midlevel providers can involve patients in maximizing the odds of successfully managing their CML and their overall long-term health.
